Introduction
============

Severe asthma is frequently associated with a suboptimal symptom and exacerbation control,[@b1-jaa-8-105] concomitant morbidity, mortality, and significant health care costs[@b2-jaa-8-105] due to inadequate therapeutic options and poor adherence, despite the availability of several effective drugs at present. As a consequence, there is an increasing need to identify new molecules able to overcome treatment limitations. Asthma is a complex disorder with many different phenotypes and endotypes[@b3-jaa-8-105] whose definition is based on clinical, inflammatory, or causative factors. The most important pathophysiological mechanism of asthma is represented by airways inflammation, predisposing to exacerbations and bronchial remodeling especially in the absence of regular adequate therapy.[@b4-jaa-8-105]--[@b6-jaa-8-105] A typical characteristic of cellular inflammation in asthma is the, sometimes, concomitant presence of eosinophils and neutrophils and their distinct roles in the pathogenesis of the disease.[@b7-jaa-8-105] Eosinophilic asthma is a specific phenotype associated with thickening of the basement membrane and with corticosteroid responsiveness. On the contrary, noneosinophilic asthma, which includes patients with severe disease, is not characterized by basement membrane thickening, and appears to be corticosteroid resistant.[@b8-jaa-8-105]

Many researchers have been trying to find drugs to treat bronchial inflammation and prevent the allergic and nonallergic inflammatory cascade responsible for acute relapses of asthma.

The introduction of omalizumab has represented an innovative tool for therapy, allowing to deal with some unmet needs, in particular for the immunoglobulin E (IgE)-driven phenotype of asthma.[@b9-jaa-8-105],[@b10-jaa-8-105] Some patients with severe atopic and nonatopic asthma have frequent exacerbations associated with persistent eosinophilic inflammation despite continuous treatment with high-dose inhaled glucocorticoids, with or without oral glucocorticoids. Up to 60% of the patients present tissue eosinophilia,[@b11-jaa-8-105] whose level is correlated with asthma severity.[@b12-jaa-8-105] Most exacerbations are eosinophilic, while a neutrophilic infiltrate is less common.[@b13-jaa-8-105] Mepolizumab, a humanized monoclonal antibody against interleukin 5 (IL-5) (anti-IL-5 hMoAb), selectively inhibits eosinophilic airway inflammation and induces a significant reduction in severe asthma exacerbations, regardless of IgE levels in blood and atopy. Early studies have demonstrated that mepolizumab does not modify pulmonary function.[@b14-jaa-8-105],[@b15-jaa-8-105]

The aim of this article was to review current literature on mepolizumab, focusing on its applications in the treatment of severe asthma and other hypereosinophilic diseases.

IL-5 and eosinophil role in the inflammatory cascade
====================================================

Recruitment, granule maturation, and survival of eosinophils in the airways are promoted by IL-3, granulocyte--macrophage colony stimulating factor (GM-CSF), and especially IL-5, which represents the most important interleukin responsible for eosinophilic airway inflammation in asthmatics.[@b16-jaa-8-105] IL-5 is a 134-amino acid protein that forms a 52 kDa homodimer related to both GM-CSF and IL-3.[@b17-jaa-8-105]--[@b19-jaa-8-105] IL-5 is produced by CD4+ Th2 cells, mast cells, eosinophils, and basophils and is involved in several steps of eosinophil development and function.[@b20-jaa-8-105] It stimulates the final differentiation of activated B cells into antibody-forming cells and enhances the proliferation and differentiation of eosinophils precursors.[@b21-jaa-8-105]

According to some recent experimental studies on murine models, IL-5 seems also to be involved in airway remodeling, since administration of anti-IL-5 in mice blocks almost completely peribronchial and sub-epithelial fibrosis induced by allergen inhalation.[@b22-jaa-8-105]

Mature eosinophils circulate in the blood for 6--10 hours[@b23-jaa-8-105] and then migrate to connective tissues to end their life cycle after 8--12 days. The main function of eosinophils is to activate inflammatory immune reactions and to protect the organism from parasites and worms through a number of mechanisms, such as antigen--antibody internalization and presentation, release of proinflammatory mediators, and microrganism killing. These cells express on their surface-specific receptors for the Fc fragment of IgE and are thus able to recognize and bind microorganisms (mainly helminths) opsonized by these antibodies.

Their granules contain not only cytotoxic primary cationic proteins (eosinophil peroxidase, eosinophil cationic protein, major basic protein, eosinophil-derived neurotoxin) but also mediators of allergic reactions, such as histaminase and arylsulfatase. Eosinophils also release IL-5 and leukotrienes that are involved in the pathophysiology of asthma by increasing the secretion of mucus and inducing bronchoconstriction.[@b24-jaa-8-105] The eosinophilia is associated with a wide variety of conditions besides asthma, such as atopic diseases, helminthic infestation, hypersensitivity to drugs, and cancer.

Eosinophils express in particular type I receptor IL-5Rα, so they respond primarily to IL-5, whose gene is located on chromosome 5 and is close to the genes encoding for IL-3, IL-4, and GM-CSF. The IL-5 receptor includes an α chain and a βc chain; the α chain is specific for IL-5, while the βc subunit is also recognized by IL-3 and GM-CSF.

IL-5 plays an important role also in basophil and mast cell activity. These cells express several cytokine receptors, such as IL-5R, IL-3R, IL-4R, IL-2Ra, and GM-CSFRa,[@b25-jaa-8-105]--[@b28-jaa-8-105] and produce IL-4 and IL-13.[@b27-jaa-8-105] In addition, after IL-5 and GM-CSF stimulation, an increased production of mediators has been observed. Moreover, IL-5 amplifies allergen-induced histamine release from basophils in patients with allergic rhinitis.[@b28-jaa-8-105]

The expression of IL-5 is regulated by several transcription factors including GATA3, and its clinical significance has long been associated with numerous diseases including allergic rhinitis and asthma, characterized by a significant increase of eosinophils in blood and airways.

Produced by Th2 lymphocytes and activated mast cells, the main biological role of IL-5 is to control proliferation, differentiation, and activation of eosinophils, representing a functional link between T-cell activation and inflammatory responses mediated by eosinophils.

Eosinophils express a wide spectrum of surface receptors, at least ten different classes, such as CC-chemokine receptor 3 (CCR3), that mediates eosinophil chemotaxis in response to the eotaxins, CCL11, CCL24, and CCL26.[@b29-jaa-8-105] CCR3 can also be activated by CCL5/RANTES, CCL7/MCP3, CCL/MCP2, and CCL12/MCP5. Eosinophils also express CCR1, the primary receptor for CCL3/MIP1α, CCL5, and the platelet-activating factor receptor.

Other receptors are SIGLEC-8 and SIGLEC-F, cell-surface Ig-like lectins that are members of structurally related carbohydrate-binding protein family.[@b30-jaa-8-105] The functions of these proteins are still unknown, but antibodies specific for SIGLEC-8 induce apoptosis of eosinophils.

Pattern-recognition receptors and toll-like receptors are expressed by both human and mouse eosinophils,[@b31-jaa-8-105] although at lower levels than neutrophils and macrophages. These proteins promote eosinophil function in vivo and regulate chemotaxis, adhesion, and survival.[@b32-jaa-8-105]

Neutrophils are frequently present in the airways of patients with severe asthma and/or fixed airflow obstruction, and can be detected in airway secretions during severe asthma exacerbations. IL-8 is an important chemoattractant for neutrophils, and its expression by airway smooth muscle cells is upregulated in severe asthmatics.[@b27-jaa-8-105] In the absence of eosinophil chemoattractants, IL-8-stimulated neutrophils help eosinophils to accumulate in asthmatic airways by releasing O^2--^, MMP-9, LTB4, and PAF.[@b33-jaa-8-105]

Therapeutic approach to eosinophilic disorders
==============================================

Given the critical role of IL-5 in influencing the biological activities of eosinophils, this molecule and its receptor are a clear target in the treatment of hypereosinophilic diseases. The spectrum of eosinophilic disorders is broad, and includes the hypereosinophilic syndrome (HES), nasal polyposis (NP), COPD with eosinophilic airway inflammation,[@b34-jaa-8-105] allergic rhinitis, atopic dermatitis, eosinophilic esophagitis, eosinophilic granulomatosis with polyangiitis, but especially bronchial asthma ([Table 1](#t1-jaa-8-105){ref-type="table"}).[@b35-jaa-8-105]

Several randomized clinical trials (RCTs) have been performed, and many others are currently in various stages of development with regard to anti-IL-5 (mepolizumab, reslizumab) or IL-5Rα (benralizumab) monoclonal antibodies. All the clinical trials conducted so far showed a reduction of eosinophils in peripheral blood and induced sputum but a large variability has been found in clinical results ([Table 1](#t1-jaa-8-105){ref-type="table"}).[@b14-jaa-8-105],[@b36-jaa-8-105]--[@b41-jaa-8-105]

Early studies and controversies on mepolizumab for asthma
=========================================================

Mepolizumab (SB-240563, Bosatria^®^; GlaxoSmithKline, Brentford, UK) was the first anti-IL-5 molecule designed and tested in RCTs for eosinophilic allergic asthma. It is a humanized monoclonal[@b42-jaa-8-105] N-glycosylated IgG1 kappa antibody able to inhibit IL-5 with both high specificity (half maximal inhibitory concentration \<1 nM) and affinity (kilodalton =4.2 pM), thus preventing its binding to the alpha chain of the IL-5 receptor complex expressed on the eosinophil cell surface.[@b43-jaa-8-105] Mepolizumab is formed by two light chains and two heavy chains connected by a disulfide bridge with a molecular weight of 49 kDa ([Figure 1](#f1-jaa-8-105){ref-type="fig"}).[@b44-jaa-8-105]--[@b47-jaa-8-105]

Hart et al[@b47-jaa-8-105] carried out a preclinical study on the pharmacological activity and safety of mepolizumab in Naive and Ascaris suum-sensitive cynomolgus monkeys. Single intravenous (IV) dose of mepolizumab significantly reduced blood eosinophilia, eosinophil migration into airways, and levels of RANTES and IL-6 in lungs for 6 weeks. However, mepolizumab did not affect acute bronchoconstrictive responses. Monthly doses of mepolizumab \>5 mg/kg caused an 80%--100% decrease in blood and bronchoalveolar lavage eosinophils lasting 2 months after administration; there was no effect on eosinophil precursors in bone marrow after 6 months of treatment. The study demonstrated the safety of this drug in monkeys with a long-term reduction in circulating and tissue-resident eosinophils, which correlated with mepolizumab plasma concentrations. In one of the first studies on humans, Leckie et al tested mepolizumab in a small group of 24 patients with mild atopic asthma.[@b14-jaa-8-105] The study had the aim of evaluating efficacy of a single IV dose of mepolizumab in the reduction of eosinophilia in sputum, airway hyperresponsiveness (AHR), and late response to inhaled allergens. Study results showed a reduction of both blood and sputum eosinophils after 4 and 16 weeks of treatment: blood eosinophil level decreased from 0.25×10^9^/L in the placebo group to 0.04×10^9^/L in the 10 mg/kg group (*P*\<0.0001). After inhaled allergen challenge, sputum eosinophils were 12.2% in the placebo group and 0.9% (*P*=0.0076) in the 10 mg/kg group, with a persistent effect at day 30 after the dose. There were no effects on AHR and late response to inhaled allergens.

Flood-Page et al[@b15-jaa-8-105] evaluated in a fashion randomized, double-blind, parallel-group study the effect of three 750 mg IV doses of mepolizumab or placebo in a group of 24 mild asthma patients. Mepolizumab produced a median decrease from baseline of 55% for airway eosinophils, 52% for bone marrow eosinophils, and 100% for blood eosinophils, without appreciable effect on bronchial mucosa staining for eosinophil major basic protein. There were no significant changes in clinical outcomes (AHR, forced expiratory volume in 1 second \[FEV1\], and peak expiratory flow \[PEF\] recordings) between the mepolizumab and placebo groups. Anti-IL-5 treatment reduced but did not deplete airway or bone marrow eosinophils.

Anti-IL-5 mAbs for asthma: from early clinical failure to evidence of efficacy
==============================================================================

The first mepolizumab study produced contradictory results, and several authors questioned the efficacy of this new molecule on asthma treatment.[@b15-jaa-8-105],[@b48-jaa-8-105] As a matter of fact, no significant data were found in terms of AHR, PEF, and FEV1 despite a remarkable reduction of airway and blood eosinophilia[@b14-jaa-8-105],[@b15-jaa-8-105] in fact, anti-IL-5 produced a median decrease of 55% for airway eosinophils, 52% for bone marrow eosinophils (*P*=0.003), and 100% for blood eosinophils (*P*=0.02). Another RCT had the aim of investigating the effect of three IV infusions of mepolizumab, 250 or 750 mg at monthly intervals, on clinical outcome measures in 362 patients with asthma experiencing persistent symptoms despite inhaled corticosteroid therapy. Mepolizumab was associated with a significant reduction in blood and sputum eosinophils in both treatment groups, but an incorrect selection of the sample did not take into due consideration the level of airways eosinophilic inflammation and did not allow statistically significant changes to be found in any of the clinical end points measured. There was a trend for decrease in exacerbation rates in the mepolizumab 750 mg treatment group, but it was not statistically significant (*P*=0.0065); therefore, the treatment did not appear to add clinical benefit.[@b36-jaa-8-105]

On the contrary, two subsequent studies demonstrated mepolizumab efficacy in the control of asthma. The first one was a study on 61 subjects who had refractory eosinophilic asthma and a history of recurrent severe exacerbations.[@b37-jaa-8-105] Patients received IV infusions of either mepolizumab or placebo at monthly intervals for 1 year. Mepolizumab was associated with significantly fewer severe exacerbations than placebo (2.0 vs 3.4 mean exacerbations per patient), with a significant improvement in the Asthma Quality of Life Questionnaire AQLQ score and a decrease of eosinophil counts in the blood and sputum, *P*\<0.001 and *P*=0.002, respectively. However, there were no significant differences between the two groups with respect to symptoms, postbronchodilator FEV1, or AHR. The second report was another study involving patients with persistent sputum eosinophilia and symptoms despite prednisone treatment.[@b38-jaa-8-105] Nine patients were assigned to receive mepolizumab, administered in five monthly IV infusions of 750 mg, and eleven patients to placebo. There were 12 asthma exacerbations in ten patients who received placebo, while only one patient who received mepolizumab had an asthma exacerbation. The use of mepolizumab was associated with a significant decrease in the number of sputum and blood eosinophils (*P*=0.002). Moreover, subjects who received mepolizumab were able to reduce their prednisone dose and improvements in eosinophil numbers, asthma control, and FEV1 were maintained for 8 weeks after the latest infusion.

A conclusive research was the DREAM trial,[@b39-jaa-8-105] a large multicentre, double-blind, placebo-controlled study recruiting 621 patients with a history of recurrent severe asthma exacerbations and signs of eosinophilic inflammation. They were randomly assigned to receive one of three doses of IV mepolizumab (75 mg, 250 mg, or 750 mg) or matched placebo (100 mL 0.9% NaCl). Mepolizumab was demonstrated to significantly reduce the number of asthma exacerbations in patients with severe eosinophilic asthma compared with placebo. It was observed that 75 mg, 250 mg, and 750 mg mepolizumab reduced the rate of clinically significant exacerbations per patient per year by 48% (*P*\<0.001), 39% (*P*=0.005), and 52% (*P* \<0.001), respectively. Additionally, each dose of treatment lowered blood and sputum eosinophil counts (*P*\<0.0001) and was well tolerated for 12 months, despite a small effect on FEV1, AQLQ, and Asthma Control Questionnaire (ACQ) scores compared with the placebo group.

These studies have represented an important progress in the selection of the most appropriate treatment for the subgroup(s) of patients affected by severe asthma with frequent exacerbations and persistent eosinophilia, which may be approximately 40% of severe asthmatics.[@b49-jaa-8-105] A post hoc analysis of the DREAM trial tried to assess the effect of treatment with mepolizumab on the frequency of exacerbations in the atopic and non-atopic subgroups, seasonal patterns of response by subgroup, and the changes in lung function and exhaled nitric oxide fraction according to subgroup.[@b50-jaa-8-105] Interestingly, the reduction in exacerbations with mepolizumab treatment was unaffected by season or atopy/IgE levels. Later, a supervised cluster analysis with recursive partitioning approach was applied to data of DREAM study to identify characteristics that maximized the differences among subgroups.[@b51-jaa-8-105] Three predictors were identified in four primary clusters: blood eosinophils, airway reversibility, and body mass index. The reduction in exacerbations and significant therapeutic benefit was larger in patients with eosinophilic inflammation who received mepolizumab, confirming the necessity of this condition as a response predictor.

Another recent work compared the efficacy responses in the oral corticosteroids (OCS)-dependent group from the DREAM study with the non-OCS-dependent subgroup. Mepolizumab reduced the peripheral eosinophils and was effective at reducing exacerbation rates in the non-OCS and OCS groups during the 52-week treatment period with a greater reduction noted in the OCS group. At study entry, peripheral eosinophils level was ≥300 cells/mL in the previous 12 months; after active treatment, a reduction of 71% in non-OCS-dependent group and 65% in OCS-dependent group was observed; *P*=0.136 for non-OCS versus OCS groups. The exacerbation rate/year was 1.90 for placebo and 1.07 for mepolizumab in the non-OCS-dependent group, and 3.12 for placebo and 1.54 for mepolizumab in the OCS-dependent group, with a rate ratio of 0.56 and 0.49, respectively (*P*=0.503). These results showed that mepolizumab treatment reduces peripheral eosinophils and exacerbation risk both in OCS-dependent and non-OCS-dependent group.[@b52-jaa-8-105]

In the subsequent MENSA trial, 576 patients were selected with recurrent asthma exacerbations and eosinophilic inflammation despite high doses of inhaled glucocorticoids in one of three study groups.[@b53-jaa-8-105] Patients were assigned to receive treatment with mepolizumab, administered as either a 75 mg IV dose or a 100 mg subcutaneous (SC) dose, or placebo every 4 weeks for 32 weeks. The primary end point was the rate of exacerbation, secondary outcomes were FEV1, scores on the St George's Respiratory Questionnaire (SGRQ), and the five-item Asthma Control Questionnaire (ACQ-5). The rate of exacerbations was reduced by 47% among patients receiving IV dose and by 53% among those receiving SC dose. At the end of the study, the mean increase from baseline in FEV1 was 100 mL greater in patients receiving IV mepolizumab than in those receiving placebo and 98 mL greater in patients receiving SC mepolizumab than in placebo group. There were also significant improvements in the SGRQ and ACQ-5 scores in the IV and SC mepolizumab groups than in the placebo group, with a safety profile of mepolizumab comparable to placebo. Mepolizumab decreased the eosinophil counts by week 4 of treatment (with reductions of 83% in the IV group and 86% in the SC group), and variations were maintained during the study. All these findings confirmed the efficacy of mepolizumab administered either intravenously or subcutaneously in terms of reduction of asthma exacerbations but, unlike other studies, all the clinical measures of asthma control were also improved.

In a 12-month follow-up analysis following the study of Haldar et al,[@b37-jaa-8-105] the authors reported the changes that occurred after stopping mepolizumab therapy. Cessation of treatment was associated with an early rise in the blood eosinophils continuing to baseline levels over 6 months. The frequency of severe exacerbations increased significantly at 3 to 6 months after stopping mepolizumab and the worsening of asthma control was anticipated by a rise in sputum and blood eosinophils.[@b54-jaa-8-105]

A Phase III, multicenter, placebo-controlled, double-blind, parallel-group study is currently underway and is recruiting 780 patients with severe eosinophilic asthma to evaluate the safety and efficacy of mepolizumab adjunctive therapy[@b55-jaa-8-105] on markers of disease control. Primary outcome measure is mean change from baseline in SGRQ score at week 24. Secondary outcome measures are the mean change from baseline in pre-bronchodilator FEV1, percentage of participants achieving a 4-point or greater reduction from baseline in SGRQ score, and mean change from baseline in ACQ-5 score at week 24. The overall intent of this RCT is to fully explore the impact of mepolizumab on health-related quality of life and other measures of asthma control, including lung function ([Table 2](#t2-jaa-8-105){ref-type="table"}).

Despite controversial evidence of clinical efficacy, the first trials in particular being less favorable than the latest more positive ones, all the studies quoted earlier demonstrated a positive effect of mepolizumab on blood eosinophil counts.[@b14-jaa-8-105],[@b36-jaa-8-105]--[@b41-jaa-8-105],[@b53-jaa-8-105] As a matter of fact, a pooled analysis from seven studies on a total of 1,131 patients showed that IV or SC administration of mepolizumab was associated with a significant reduction in blood eosinophils compared to placebo (mean deviation: −0.29×10^9^/L, 95% confidence interval \[CI\]: −0.44 to −0.14×10^9^/L, *P*=0.0001). Also, data demonstrated a significant reduction for the percentage of sputum eosinophils, with a mean difference of −6.05% (*P*=0.0003).[@b56-jaa-8-105]

Finally, an unusual Phase II, double-blind, placebo-controlled study evaluated the effect of one IV dose of benralizumab, added to current standard asthma medication, on recurrence (asthma exacerbations and/or hospitalization for acute asthma) after an emergency department (ED) visit for asthma exacerbation.[@b57-jaa-8-105] Patients were stratified by baseline eosinophil count of less than or equal to 450 or greater than 450 cells/μL. Administration of one dose of benralizumab resulted in a long-lasting reduction of eosinophils and in the rate and severity of exacerbations in subjects who presented to the ED with severe asthma exacerbation and were poorly responsive to standard therapy. This study may represent a further step to identify patients suitable for anti-IL-5 mAbs treatment, even in an emergency setting so far not considered.

Mepolizumab in other hypereosinophilic diseases
===============================================

Whenever the presence of systemic eosinophilic inflammation is a clinically relevant finding, it is intuitive to think that blocking IL-5 or its receptor could be a promising strategy for treatment. Therefore, not only asthma but also other, sometimes very severe, eosinophil-related disorders may represent a potential target for IL-5 inhibition. These conditions include HES and atopic dermatitis (AD), eosinophilic granulomatosis with polyangiitis, eosinophilic esophagitis (EoE), and NP. In 2004, Garrett et al[@b58-jaa-8-105] published an open-label trial of anti-IL-5 in which three IV doses were administered at 4-week intervals to four patients with HES (defined by peripheral blood and/or tissue eosinophilia). The effects of treatment on safety, eosinophil levels (in peripheral blood and/or tissue), pulmonary function, and quality of life were measured over a 28-week period. Anti-IL-5 was well tolerated in all patients and lowered peripheral blood eosinophil counts, which had remained persistently high despite systemic glucocorticoid therapy. The decline in circulating eosinophil counts was sustained for at least 12 weeks after the last dose of anti-IL-5. In addition, anti-IL-5 improved clinical and quality of life measurements. This study suggested a significant therapeutic potential of mepolizumab for HES. A study by Rothenberg et al[@b59-jaa-8-105] showed that treatment with mepolizumab had a positive corticosteroid-sparing effect in patients negative for Fip1-like1--platelet-derived growth factor receptor (FIP1L1-PDGFRA) fusion gene affected by the HES, confirming the effectiveness of the drug for this disease.

Since tissue and blood eosinophils in AD are more activated than in other eosinophilic disorders,[@b60-jaa-8-105] and peripheral blood eosinophils of AD patients show a significantly delayed programmed cell death.[@b61-jaa-8-105] Mepolizumab was earlier considered a potential treatment for this disease.[@b62-jaa-8-105] A randomized double-blind, placebo-controlled, parallel group study enrolled 18 patients with AD to receive two single IV doses of 750 mg mepolizumab and 22 to receive placebo treatment. Peripheral blood eosinophil counts were significantly reduced in the treatment group compared with placebo but no clinical success was reached by the physician's global assessment, objective scoring atopic dermatitis (SCORAD), and itch scoring.[@b63-jaa-8-105]

In EGPA, formerly known as the Churg--Strauss Syndrome, mepolizumab was used for remission induction in an open-label study of ten patients with refractory or relapsing EGPA; in eight of these subjects a remission was observed, allowing a reduction of OCS.[@b64-jaa-8-105] A later case series that studied seven patients with EGBPA, treated with only four IV doses of mepolizumab, showed a reduction of OCS dose in all patients with a stability of symptoms and an optimal safety profile during the study.[@b65-jaa-8-105]

In an interesting study, authors investigated whether mepolizumab treatment reduced esophageal mast cell accumulation in 43 pediatric EoE biopsy specimens from a previous randomized anti-IL-5 trial. Forty percent of the patients responded to anti-IL-5 (defined as \<15 eosinophils per high-power field following mepolizumab therapy), and 77% of all subjects had significantly fewer mast cells, IL-9+ cells, and mast cell--eosinophil couplets in the esophageal epithelium.[@b66-jaa-8-105]

Anti-IL-5 was studied in two subsequent RCTs, ie, in pediatric and adult patients, respectively.[@b67-jaa-8-105]--[@b68-jaa-8-105] A mild-to-moderate improvement in eosinophils counts was observed, but mepolizumab did not improve symptoms compared to placebo.

Finally, 30 patients with severe NP (grade 3 or 4 or recurrent after surgery) refractory to corticosteroids were randomized to receive either two single IV injections of 750 mg mepolizumab or placebo.[@b69-jaa-8-105] The primary outcome of this study was the reduction in NP score at 8 weeks after the first dosing and secondary outcomes included changes in CT scan scores and functional assessments, such as nasal peak inspiratory flow or symptom scores. Mepolizumab produced a significant reduction in total polyp score in 12 of 20 patients, as confirmed by computed tomography (CT) scan evaluations.

Future developments: COPD
=========================

In severe COPD patients, the eosinophil-predominant phenotype is associated with an increased risk of exacerbations and oral corticosteroid treatment. Two Phase III RCTs are currently in progress to evaluate the efficacy and safety of mepolizumab as an adjunctive therapy for adults affected by COPD with eosinophil-predominant phenotype.[@b70-jaa-8-105],[@b71-jaa-8-105] These studies will enroll approximately 1,500 patients at high risk of exacerbations despite standard care. The primary end points of the two studies are the frequency of exacerbations and the decrease of sputum eosinophils from baseline.

Safety profile
==============

Available literature data demonstrate that anti-IL-5 treatment is safe for clinical use. It was very well tolerated in all clinical trials. Anti-mepolizumab neutralizing antibodies were detected in fewer than 2% of cases in two studies.[@b36-jaa-8-105],[@b72-jaa-8-105] In large trials, the number of adverse events were superimposable to placebo.[@b39-jaa-8-105],[@b50-jaa-8-105]

Conclusion
==========

In recent years, a remarkable progress in the scientific knowledge about pathogenetic mechanisms and therapeutic strategies for asthma has had only a partial impact on our ability to improve clinical outcomes. Asthma in fact is a very heterogeneous disease and only an accurate identification of the "phenotype", through anatomical, clinical, functional, and biological evaluations can allow a correct definition of the clinical and therapeutic patient profile. The present lack of validated biomarkers makes the physician's job even harder, since IL-5 may not be the only player of persistent airway eosinophilia and may also involve other immune cells and Th2- cytokine such as Il-13. Despite high doses of inhaled corticosteroids or oral corticosteroids, 5% of asthmatics have severe symptoms, enhanced airway remodeling, frequent exacerbations, and a greater risk to die from asthma. A subgroup (20%--40%) of these patients has persistent airway eosinophilia and frequent exacerbations.[@b73-jaa-8-105] A neutrophilic inflammation, which persists even under full corticosteroid therapy, may contribute in part to the manifestations of severe asthma, through the control of eosinophilic inflammation.[@b74-jaa-8-105] The identification of an "eosinophilic phenotype", supported by several and sometimes controversial studies, would allow to select a subgroup of potential mepolizumab responders, which may overcome the problem of poor response to OCS. Several studies did not show a significant improvement in lung function, probably due to limited efficacy in removing tissue eosinophils and proinflammatory mediators;[@b15-jaa-8-105] however, mepolizumab can be a promising therapeutic option in selected subjects with persistent airway eosinophilia for the positive results obtained in clinical outcome measures, such as decrease in exacerbation rate, quality of life improvement, and good safety profile. An appropriate patient selection is therefore essential to avoid treatment failure, because several studies confirm that in a specific subgroup of patients, eosinophils play an important role in exacerbations and mepolizumab therapy may have clinical benefit. However, when eosinophilia is not present, or even in some patients with eosinophilic asthma, mepolizumab has no clinical effects.

Biological therapies in asthma are far more expensive than standard drugs.[@b75-jaa-8-105] While manufacturer has not given any hint as to the price of mepolizumab, analysts estimate a cost from ≥10,000 to ≥15,000 per patient per year of treatment.[@b76-jaa-8-105] Owing to its clinical efficacy and safety profile in selected subsets of severe patients at high risk for hospitalization and fatal asthma, the treatment by using this drug might prove to be a cost-effective one.
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###### 

Efficacy and safety of mepolizumab in asthma and other eosinophilic diseases

  Disease                    Efficacy                                                                                                                                                                                                                                           Safety profile
  -------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------
  Asthma                     Mepolizumab reduces peripheral blood eosinophilia, percentage of bone marrow eosinophils, airway eosinophils, and rate of exacerbations in almost all RCTs. Improvements in FEV1 were found in only two studies[@b13-jaa-8-105],[@b36-jaa-8-105]   No relevant AE
  HES                        Primary end points achieved                                                                                                                                                                                                                        No relevant AE
  EGBPA                      Primary end points achieved                                                                                                                                                                                                                        No relevant AE
  Eosinophilic esophagitis   Primary end points not achieved                                                                                                                                                                                                                    No relevant AE
  Nasal polyposis            Primary end points achieved                                                                                                                                                                                                                        No relevant AE
  Atopic dermatitis          Primary end points not achieved                                                                                                                                                                                                                    No relevant AE
  COPD                       Ongoing RCTs                                                                                                                                                                                                                                       No data available at the time

**Abbreviations:** HES, hypereosinophilic syndrome; EGBPA, eosinophilic granulomatosis with polyangiitis; AE, adverse event; RCTs, randomized clinical trials; FEV1, forced expiratory volume in 1 second.

###### 

Main studies and results for mepolizumab in asthma

  Year   Study                              FEV1 increase   Acute exacerbations reduction   Blood eosinophils count reduction   Sputum eosinophils count reduction   Decrease in prednisone use   AQLQ   ACQ   Reduction in airway inflammation   Comments
  ------ ---------------------------------- --------------- ------------------------------- ----------------------------------- ------------------------------------ ---------------------------- ------ ----- ---------------------------------- ------------------------------------------------------------------------------------------------
  2003   Flood-Page et al[@b47-jaa-8-105]   NS              NA                              S                                   NA                                   NA                           NA     NA    S                                  
  2007   Flood-Page et al[@b35-jaa-8-105]   NA              NS                              S                                   NA                                   NA                           NA     NA    NA                                 Data not statistically significant due to incorrect selection of sample
  2009   Haldar et al[@b36-jaa-8-105]       NS              S                               S                                   S                                    NA                           S      NA    NS                                 61 subjects with eosinophilic asthma and recurrent exacerbation
  2009   Nair et al[@b37-jaa-8-105]         S               S                               S                                   S                                    S                            NA     NA    NA                                 20 subjects with persistent sputum eosinophilia and symptoms despite prednisone treatment
  2012   Pavord et al[@b38-jaa-8-105]       NS              S                               S                                   S                                    NA                           NS     NS    NA                                 621 patients with recurrent severe asthma exacerbations and signs of eosinophilic inflammation
  2014   Ortega et al[@b51-jaa-8-105]       S               S                               NA                                  NA                                   NA                           NA     S     NA                                 576 patients with recurrent asthma exacerbations and eosinophilic inflammations

**Abbreviations:** NA, not applicable; NS, not significant; S, significant; FEV1, forced expiratory volume in 1 second; AQLQ; Asthma Quality of Life Questionnaire; ACQ, Asthma Control Questionnaire.
